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Encouraging results with endoscopic vein harvest
for infrainguinal bypass
Luke S. Erdoes, MD, and Timothy P. Milner, MD, Chattanooga, Tenn
Background: Wound complications after infrainguinal vein bypass remain a significant source of morbidity. Endoscopic
saphenous vein harvest has emerged as a viable alternative to minimize vein harvest incisions.
Methods: Infrainguinal bypass using endoscopic vein harvest was performed in 214 limbs in 197 consecutive patients
between May 1998 and July 2004. The indication for bypass was limb salvage in 88.3%, claudication in 9.3%, and other
in 2.4%. Atherosclerotic risk factors were prevalent, with diabetes mellitus in 68% and dialysis-dependent renal failure in
11.7%.
Results: The procedure was successful in all but one patient. This patient was early in the series and had a friable varicose
vein. Ipsilateral greater saphenous vein was used in 89.7%, contralateral greater saphenous vein in 8.4%, and lesser
saphenous vein in 1.9%. Two injuries to the main trunk of the vein occurred early in the series. Assisted primary patency
at a mean follow-up of 18 months (range, 1 to 48 months) is 77.2% by life-table analysis. For patients with claudication,
rest pain, or minimal gangrene, the average length of stay was 3.15 days (range, 1 to 6 days). Wound complications
occurred in 16 patients (7.5%), 10 of these required only local care (class I and II), and 6 had deep wounds threatening
the leg or graft (class III). Only 5 patients, all with class III wounds, required readmission to the hospital for graft-related
problems. There is no increase in operating room time once the learning curve is overcome. Patient satisfaction is very
high.
Conclusion: Endoscopic saphenous vein harvest is a useful adjunct to infrainguinal vein bypass, with short length-of-
hospital stay, few wound complications, and low hospital readmission rates. Endoscopic vein harvest is recommended as
the procedure of choice for vein procurement for infrainguinal bypass procedures. ( J Vasc Surg 2005;42:442-8.)Infrainguinal autogenous vein bypass has become stan-
dard practice for patients with occlusive or aneurysmal
disease. Exemplary results have been obtained with pa-
tency, and limb salvage rates 70%, even in high-risk
patients.1 Despite these encouraging results, the long inci-
sion necessary for vein harvest results in significant wound
complications, delayed healing, and even limb loss. Wound
complication rates of 10% to 40% have been reported.2-4
Over the past few years, reports have shown excellent
results with endoscopic vein harvest in coronary artery
bypass patients.5-10 Others have found good results with
endoscopic vein harvest in patients with peripheral vascular
disease.11-18 These early results prompted us to review our
results in a nonselected consecutive group of patients un-
dergoing infrainguinal bypass.
METHODS
Since May 1998, consecutive patients needing infrain-
guinal bypass were entered in a prospective database. All
patients needing infrainguinal bypass with available autog-
enous conduit (either greater or lesser saphenous vein)
were considered for endoscopic vein harvest. The only
exclusions from the study were the need for prosthetic
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442bypass, arm vein, or short-segment bypass with vein avail-
able through the arterial exposure incision(s). Previous
infrainguinal prosthetic bypass had been performed in 10
patients. All but one of these bypasses was occluded at the
time of reoperation. The patent bypass was a femoral-to-
above-knee popliteal bypass that was used as inflow for a
popliteal-to-dorsalis pedis bypass with vein.
Surgical procedure. The greater saphenous vein is
exposed by a short longitudinal incision just above the knee
joint. Ultrasound scanning is occasionally used to facilitate
incision placement to locate the vein. In the case of lesser
saphenous vein, the patient is supine with the knee bent and
the leg externally rotated. The vein exposure is just above the
lateral malleolus, and harvest is done toward the knee. The
patient cannot be prone because the posterior thigh or the
operating table precludes movement of the endoscope. The
lesser saphenous is technically more challenging to harvest
endoscopically because of its subfascial position, multiple
branches, and the awkward positioning of the leg. Some
legs cannot be positioned in an adequate fashion for endo-
scopic lesser saphenous exposure because of joint immobil-
ity.
Once the vein is located, the scope (Vaso-View Endo-
scopic Vein Harvest System, Guidant, Indianapolis, Ind) is
inserted. The scope has a clear cone shaped tip that facili-
tates exposure of the vein (Fig 1). Dissection is usually
started in a cephalad direction. Preliminary dissection of the
side branches can also be done with the cone. Carbon
dioxide gas is insufflated to maintain a working channel.
Gas embolus is a theoretic concern but has never been a
clinical problem. The scope is then reversed and exposure
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planned bypass.
The Vaso-View scope allows dissection to the distal one
quarter of the calf. Below this there is usually insufficient
room for the scope, and the angle often limits visualization.
Despite this limitation, one can usually dissect virtually the
entire greater saphenous vein with the endoscope.
Once the vein is exposed, the clear cone is removed,
allowing for placement of a bipolar coagulating scissor or,
more commonly, a special bipolar instrument (Bisector,
Guidant) that coagulates and cuts. This allows complete
dissection of the vein and cutting of the branches (Fig 2).
Care must be exercised for large branches and anterior
branches. A C-shaped dissector facilitates dissection and
retraction for the safe division of the branches. It is not a
failure of the technique to make a small incision over a large
branch to facilitate safe removal of the vein.
If vein is harvested from the leg needing revasculariza-
tion, the arterial exposure incisions can be planned such
that some of the vein can be harvested through these
incisions. If vein is harvested from the contralateral leg,
then the distal and proximal vein can often be removed with
stab incisions.
Once the vein is removed from the endoscopic tunnel,
it is prepared for use in the usual fashion. Coagulated side
Fig 1. Initial dissection with endoscopic cone. An early image of
the vein before insufflation.branches are tied and any small injuries repaired with finepolypropylene sutures. Major branch avulsion or tear, or
injury to the main trunk of the vein is rare, but if it occurs,
it usually requires excision of the injured vein segment and
venovenostomy.
We prefer to use the vein in a nonreversed, translocated
fashion and lyse the valves with either a retrograde valvu-
lotome or the LeMaitre self-expanding valvulotome. Re-
versed vein bypass can be easily accomplished with this
technique. True in situ grafts cannot be done with the
Vaso-View system because of the lack of an endoscopic clip
applier. Such an applier has been under development and
will be a helpful addition.
Follow-up. All vein grafts are followed with an early
postoperative duplex surveillance ultrasound examination,
and then at 3-month intervals for the first year, 6-month
intervals in year 2, and then yearly thereafter.
Graft patency was defined based on the ad hoc commit-
tee for reporting standards for infrainguinal grafts.19 Pa-
tency is reported using life-table analysis (SPSS, SPSS Inc,
Chicago, Ill). Wound complications were classified by us-
ing the criteria for prosthetic graft wound complications
reported by Szilagyi et al.20 Class I wounds are those with
erythema requiring antibiotics, class II wounds have either
Fig 2. Image of branch dissection. Two branches are seen, the
more proximal branch is in the Bisector instrument ready for
division. The C-ring is seen distal to the branches and gives
retraction of the vein for safe branch division.drainage or a superficial opening, and class III wounds are
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graft.20
RESULTS
Between May 1998 and June 2004, a single surgeon
performed 214 bypasses in 197 patients. There were 125
male and 72 female patients, with a mean age of 76.2 years
(range, 39 to 98 years). Only one patient was converted to
an open harvest. This patient had a friable varicose vein that
bled early in the endoscopic dissection. The only other
open harvests were done when the needed vein was avail-
able in the arterial exposure incisions. Later in the series,
residents accomplished some of the procedures with the
lead author present.
Atherosclerotic risk factors were prevalent, and dialysis-
dependent renal failure was present in 11.7% of patients
(Table I). Vein was taken from the ipsilateral leg in 89.7%
and the contralateral leg in 8.4%. Lesser saphenous vein was
used in 1.9%. The indication for intervention was limb
salvage in 88.3%, life-limiting claudication in 9.3%, and
Table I. Atherosclerotic risk factors (n  197 patients)
Risk factor n %
Diabetes mellitus 134 68
Active smoking 91 46.2
Hyperlipidemia 137 69.5
Hypertension 152 77.2
Dialysis dependence 23 11.7
Renal insufficiency 65 33
Coronary artery disease 121 61.4
Table II. Indications for bypass (n  214 bypasses)
Indication n %
Gangrene or ischemic ulceration 152 71
Rest pain 37 17.3
Claudication 20 9.3
Trauma 1 0.5
Aneurysm 4 1.9
Table III. Arterial inflow and outflow for bypasses
(n  214)
Artery Inflow artery Outflow artery
Common femoral 100 0
Profunda femoral 17 0
Superficial femoral 54 0
Above-knee popliteal 8 28
Below-knee popliteal 35 33
Posterior tibial 0 57
Anterior tibial 0 29
Peroneal 0 44
Dorsalis pedis 0 19
Plantar 0 3
Lateral malleolar 0 1
Total 214 214other in 2.4% (Table II).Bypass targets were most commonly tibial or pedal
vessels. Inflow from the popliteal artery or distal was used in
20% (Table III) In 21 patients, multilevel reconstruction
was performed by using either a stent (n  2) or endarter-
ectomy (n  16) of the inflow and sequential bypass, with
the proximal portion being prosthetic and the distal by
using vein when limited autogenous conduit was available
(n  3). In all patients, an attempt was made to construct
an all-autogenous conduit.
Injury to the main trunk of the vein occurred in two
patients early in the series. Both of these veins were success-
fully used after venovenostomy was done for repair. In 15
patients, anatomic anomalies created the need for excision
of a segment of vein and venovenostomy. These 15 vein
revisions were unrelated to endoscopy but were a conse-
quence of anatomic variability of the long saphenous vein.
The vein abnormalities included six with sclerotic seg-
ments, five with truly bifid venous systems, three with long
sclerotic or very small vein segments, and one with a large
isolated varix at a valve site.
Care must be taken with large branches as these can
signify a bifid system. In most cases of a bifid system, both
veins could be harvested endoscopically, minimizing the
need for a flap to dissect the bifid portion of the vein. Extra
incisions to ligate large or missed vein branches were
needed in 7.5% of bypass procedures (n  16). In the first
100 bypasses, these extra incisions were necessary in 12% of
cases, but in the last 114 bypasses, they were made in only
3.5% (n  4).
Operative time from skin incision to surgical end timewas
available for the last 154 procedures. The mean time was 248
minutes, with a median of 195 minutes (range, 163 to 375
minutes). The longer operations were in those patients who
had suboptimal veins, a challenging venous anatomy, or both.
The longest cases all required at least one venovenostomy and
often involved multilevel revascularization. The primary au-
thor historically took very similar times with procedures using
open vein harvest. Primary patency is 71.5% at a mean fol-
low-up of 18 months (range, 1 to 48 months). Graft revision
was required on 16 patients, yielding an assisted primary
patency of 77.2% (Fig 3). Two interventions in the same graft
were required in three patients. Secondary patency was ob-
tained in only one graft. Usually, if the graft failed, it was
abandoned or replaced, or the limb was amputated. Limb
salvage in this series was 90.8% for the operated leg (16major
amputations).
Any focal graft stenosis was treated with percutaneous
balloon angioplasty. Angioplasty was performed in 10 grafts,
with no immediate failures. No stents were placed in revised
grafts.More extensive graft lesions were treated with segmen-
tal graft replacement (n 6), with residual saphenous vein in
three and arm vein in three. So far, five of six of these revisions
have remained patent. Reversed vein was used in only six
bypasses in this series, and thus, we did not stratify patency
into reversed and nonreversed subgroups.
Hospital length-of-stay data for the entire group are quite
favorable, with a median of 4.94 days (range, 1 to 35 days).
The subgroup of 67 patients (69 bypasses) with the operative
ncy o
e-kne
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had amedian postoperative length of stay of 3.15 days (range,
1 to 6 days). Patients with more extensive ulceration or
gangrene formed a heterogeneous group, and length of stay
was often dictated by comorbid conditions or the need for
prolonged inpatient wound care and antibiotics.
Wound complications occurred in 16 patients (7.5%).
The specific problems, classes of wound complications, and
the fate of the graft and limb are listed in Table IV. Readmis-
sion to the hospital for graft-related issueswas required in only
5 (2.5%) of 197 patients. Ten of the 16 wound complications
occurred in the first 100 bypasses, and four of the six class III
wound complications occurred in the first 100 procedures.
DISCUSSION
Saphenous vein bypass has become the gold standard
for revascularization of infrainguinal occlusive vascular dis-
ease.1 The long incision used for vein harvest has been the
most frequent source of morbidity in these patients. De-
Fig 3. Primary and assisted primary pate
Table IV. Wound complications (n  16)
Patient Location Class
1 Contralateral calf I
2 Distal calf II
3 Mid and distal calf III
4 Groin lymphocele II
5 Calf I
6 Calf II
7 Groin I
8 Groin III
9 Calf I
10 Calf I
11 Groin II
12 Tunnel infection III
13 Calf III
14 Calf I
15 Groin III
16 Groin III
STSG, Split-thickness skin graft; BKA, below-knee amputation; AKA, abovpending on the definition of wound problems and theparticular series, the rates of infection vary between 10%
and 40%.2-4 These problems are costly of resources and
often necessitate hospital re-admission or prolonged home
and office care. Rarely, the wound problems result in loss of
the bypass, the limb, or even the patient’s life.
The current series is the largest to date reporting endo-
scopic vein harvest results for infrainguinal bypass. It is also
unique in taking all patients consecutively, which avoided
selection bias. Our group of patients is also the first to
include large numbers of patients with infrapopliteal and
pedal artery bypass targets. Endoscopic techniques proved
very useful in patients in whom use of the contralateral
greater saphenous vein was required. Often, the contralat-
eral leg does not have normal blood flow, but delayed
healing after endoscopic harvest was seen in only one
patient.
Several methods have been used to try to minimize the
wound complication rate. Skip incisions, cutdown over
prominent branches, or endovascular techniques allowing
f endoscopically harvested bypass grafts.
Management Outcome
Local rx Bilateral limb salvage
STSG Limb salvage
Multiple débridement BKA
Noncompliant with care
Débridement Graft and limb salvage
Local rx Graft and limb salvage
Local rx, débridement Graft and limb salvage
Local rx Graft and limb salvage
Muscle flap coverage Graft occlusion, BKA
Local rx Graft and limb salvage
Local rx Graft and limb salvage
Operative débridement Graft and limb salvage
Operative débridement Graft and limb salvage
Graft  wound revision Graft and limb salvage
Local rx Graft and limb salvage
Local débridement Graft occlusion, AKA
Sartorious flap Graft and limb salvage
e amputation.coils to be placed in side branches have all been reported,
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branches has not been widely accepted because a fairly large
vein is necessary to accommodate available catheters and
coils.
Endoscopic vein harvest is not a new idea. Early har-
vests were done with a mediastinoscope and by using
conventional instruments through the scope. Several com-
mercial systems have since been developed to facilitate the
procedure. Cardiac surgeons have been using the tech-
nique for several years, with excellent results.5-10 Several
authors have stated that endoscopic vein harvest is or
should be the standard of care for coronary artery bypass
procedures.9 Well over 3,000 harvests have been done at
our hospitals, with an infection rate of 1% (unpublished
data).
The introduction of endoscopic harvest for peripheral
bypass has been much slower than for cardiac proce-
dures.11-18 This is primarily because of the learning curve
required for the technique and the worse consequences of a
vein injury in peripheral bypass procedures. Cardiac surgery
uses the vein in segments, so an injury can be overcome by
cutting out the involved segment. Peripheral bypass re-
quires long segments of intact vein for best results, and
most would agree that venovenostomy is a potential site for
graft stenosis and possibly an indicator of decreased graft
patency.
The other problem with the endoscopic harvest is the
difficulty with present systems of doing a truly in situ
procedure. The system used in this study does not have a
clip applier, and side branches are bipolar coagulated and
tied off once the vein is exteriorized. We have primarily
used the technique popularized by Dr Anthony D. Whitte-
more23 of removing the vein, lysing the valves, and using it
in a nonreversed, translocated fashion. The endoscopic
harvest technique is well suited for this type of procedure
and is ideal for those doing primarily reversed vein bypass.
At our institutions, we have some experience with the
Ethicon endoscopic harvest system (Clearglide, Ethicon,
Cincinnati, Ohio and Endosaph, US Surgical, Norwalk,
CT) and have traveled to hospitals that use the Ethicon
system. The Ethicon and US Surgical (Endosaph, US Sur-
gical, Norwalk, Connecticut) systems are possibly easier to
use early in one’s experience because they allow the use of
some conventional surgical instruments, including clip ap-
pliers. They also do not require gas insufflation, which
theoretically allows for concomitant arterial exposure dur-
ing vein harvest, and some believe that gas insufflation may
be harmful to the vein. In our experience, the Ethicon
system was very cumbersome below the knee and the
harvest times were longer. In our opinion, this severely
limits the usefulness of this system for infrapopliteal bypass.
Concomitant femoral arterial exposure can be done
during endoscopy with the Guidant system, because the
thigh tunnel almost always ends just below the femoral
arterial exposure incision so insufflation is maintained. The
last step in the vein harvest is removal of the saphenofemo-
ral junction, and this can be accomplished while an assistant
is preparing the already exteriorized vein. Concomitantvein harvest and exposure of the popliteal, peroneal, and
posterior tibial arteries is difficult to impossible with any
open or endoscopic vein harvest technique.
The system used in this series allows removal of vein
from the groin to the distal calf with only a 2- to 3-cm
incision at the knee. Preoperative planning also allows
incisions for arterial access to be placed over portions of the
vein so that incision number and length can be minimized.
Most femoral-to-peroneal or posterior tibial bypass grafts
can be accomplished with a groin incision, a calf incision,
and the small incision near the knee. Femoral-to-popliteal
grafts can usually be accomplished with two incisions, the
end result being indistinguishable from prosthetic bypasses
to the same level. Truly bifid saphenous systems can be
harvested with two endoscopic tunnels, eliminating the
need for the creation of a flap to harvest the second vein of
the bifid system.
There is a learning curve associated with endoscopic
vein harvest. Although one can remove most thigh saphe-
nous veins after 20 to 25 procedures, between 50 and 100
procedures are necessary to be facile with the dissection,
especially below the knee or using the lesser saphenous
vein. It should be stressed that making a cutdown over a
difficult branch or segment of vein is not a failure of the
technique, but only prudent surgical care, especially early in
the learning curve. In this series, the number of extra
incisions necessary decreased from 12% in the first 100
procedures to 3.5% in the last 114 bypasses. Also, 62.5% of
the wound complications occurred in the first 100 by-
passes, including 67% of the class III wound problems. This
helps to validate the learning curve numbers previously
mentioned.
Meticulous hemostasis is necessary, because even a
small amount of blood in the endoscopic tunnel severely
limits visualization. Also, because many leg bypasses are
placed back in the subcutaneous harvest tunnel, the leg
cannot be wrapped after vein removal. Thus, tunnel hema-
toma is likely more prevalent than if the leg were wrapped.
Most cardiac surgeons routinely wrap the legs after endo-
scopic harvest. Although tunnel hematoma is a theoretic
concern, it was an issue in only two patients in this series
and resulted in only one of the major wound problems.
Trauma to the vein with endoscopy has been a concern.
The endoscope can tear branches at the shoulder with the
main vein. These injuries are usually easily repaired and are
infrequent once experience has been obtained. Injury to
the main trunk of the vein is very unusual after the learning
curve has been overcome. The C-ring dissector should be
placed distal to the branch being divided to allow good
visualization of the branch and the main trunk of the vein.
Patency rates in this and other series, have not shown
any detriment with the endoscopic harvest.11-18 Three
histologic studies showed no difference in vein segments
harvested endoscopically versus those harvested with the
conventional open technique.6,24,25 The patency rates re-
ported here seem to support the effectiveness and durability
of the endoscopic technique, being comparable to most
contemporary series of infrainguinal bypass.
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scopic vein harvest. A cost analysis was not done in this
series; however, a recent cost analysis by Illig et al11 showed
a significant cost saving with the endoscopic technique,
primarily because of shortened postoperative length of stay
and a lower rate of hospital re-admission for wound-related
problems. These factors more than offset the higher cost of
the endoscopic equipment.
Early in the learning curve, operative times are longer;
however, once experience is obtained, the operative times
are similar or faster with endoscopic vein harvest. Most
femoral-to-tibial bypass procedures are completed in 3 to 4
hours. Increased harvest times are more than offset by the
shortened time required for closure. In this series, the
subset of patients without, or with minimal, tissue loss were
discharged an average of 3 days after operation. This is a
very favorable number given the high rate of comorbidities
and the general debilitation in these frail elderly patients.
The main limitation of this study is the lack of a
coincident control group. Despite this, there are many
reports with good historical controls and this series used
consecutive patients, thus eliminating selection bias.
Also, a single attending surgeon did all of these proce-
dures, and thus the results may not be generalizable to
other vascular surgeons. We think this is unlikely because
other endoscopic series have yielded similar good-to-
excellent results, and the cardiac series have had the
harvest done by multiple technicians or assistants. Fi-
nally, follow-up is incomplete for the earliest procedures
in the series because the primary author moved his
practice location in October 2000. This is why the
longest follow-up is 4 years, even though the first proce-
dure was done over 6 years ago. The first 60 patients
underwent bypass at the initial practice site. They were
followed for an additional 2 years (last data were col-
lected in October 2002). This helps to eliminate any bias
from limited follow-up of the procedures early in the
experience.
CONCLUSION
Endoscopic vein harvest for infrainguinal vein bypass
is a viable alternative to open harvest techniques. Wound
complication rates are significantly lower than historical
controls. There are very low rates of hospital re-admis-
sion, and operative times are similar or faster with endos-
copy compared with historical controls. We are continu-
ing to accrue patients in our series and plan a detailed
analysis of cost, operative time for endoscopy, and long-
term patency as well as an evaluation to see if there is
improved quality of life after endoscopic vein harvest.
Endoscopic vein harvest is recommended as the proce-
dure of choice for vein procurement in open lower
extremity revascularization.
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